Despite decades of research, the parameters of the Phillips curve (old or new) remain uncertain, because their estimation is fraught with endogeneity issues: confounding from supply shocks, unobserved inflation expectations and an unobserved output gap. In this work, we use sequences of past aggregate demand shocks (notably monetary shocks) as instrumental variables to address these endogeneity issues and obtain consistent Phillips curve estimates. Our approach can be interpreted as a regression in impulse response space, i.e., to a Phillips curve regression where the actual variables are replaced by their impulse responses to aggregate demand shocks. Once instrumented with monetary shocks, the estimated slope of the Phillips curve is twice as large as with standard methods, and there is no evidence of a flattening of the Phillips curve after the mid 80s.
Introduction
Projecting inflation and unemployment on a space spanned by past and present aggregate demand shocks, and in particular monetary shocks, can help address a long-standing empirical challenge in the macro literature: how to consistently estimate the parameters of the Phillips curve, old or new.
In its modern version, the Phillips curve postulates that the inflation process is determined by three main factors (i) expected future inflation, (ii) the "output gap", the difference between output and its natural flexible-price level, and (iii) supply factors. The main empirical difficulties of estimating the parameters of the Phillips curve can be traced back to three sources of endogeneity: (i) inflation expectations are unobserved, (ii) the natural level of output (and thus the output gap) is unobserved and (iii) supply shocks lead to confounding. This combination of omitted variables and measurement error is such that the range of estimates for the parameters of the Phillips curve remains wide despite decades of research (see e.g., Gordon, 2011; Mavroeidis, Plagborg-Møller and Stock, 2014) .
Intuitively, projecting inflation and unemployment on past and present monetary shocks can address these endogeneity issues by projecting out (i) the influence of supply shocks,
(ii) deviations of expected future inflation from its realized value (which allows to substitute expected future inflation with its realized value in the Phillips curve regression), and (iii) the unobserved natural output level under the (widely accepted) assumption that monetary shocks do not affect the natural level of output. Our approach boils down to an instrumental variable regression, where we instrument the right-hand side variables of the Phillips curve equation, most notably output and future inflation, with a set of present and past monetary shocks. Using a standard New-Keynesian model, we show that monetary shocks are valid instruments, i.e., exogenous and relevant, to estimate the Phillips curve parameters under one (mild) condition: inflation must depend to some extent on past inflation, that is inflation cannot be strictly forward looking. Intu-itively, monetary shocks satisfy the exclusion restriction by construction and they satisfy the relevance condition when they have a more persistent effect on inflation than on the output gap. Stated differently, the first-stage of our instrumental variable approach amounts to estimating a distributed lag model where we recover the impulse response functions of inflation and output to a monetary shock. Thus, as long as the impulse responses of future inflation and the output gap to a monetary shock are non-zero and not perfectly correlated, monetary shocks can help identify the coefficients of the Phillips curve.
More generally, projecting inflation and unemployment on a space spanned by past and present shocks before estimating the Phillips curve amounts to a Phillips curve regression in "impulse response space". That is, our approach amounts to a Phillips curve regression where the actual inflation and unemployment times series are replaced by the impulse responses of inflation and unemployment to monetary shocks.
The interest of our approach lies in the fact that we can then draw on decades of research on the identification of macroeconomic shocks in order to help improve our estimates of the Phillips curve. In particular, we can draw on a number of narratively identified proxies for monetary (or more generally aggregate demand) shocks, notably Romer and Romer (2004) narrative measures of exogenous monetary policy changes in the US.
We estimate New-Keynesian Phillips curve (NKPC) for the US and obtain two main results. First, after conditioning on monetary shocks (or even government spending shocks), the coefficient on the output gap (the slope of the Phillips curve) is at least twice as large than with previous methods, and the coefficient of expected future inflation is smaller than with previous methods. Second, we find no evidence of a flattening of the Phillips curve since the mid-80s, unlike previous claims (e.g., Ball and Mazumder, 2011; Blanchard, 2016) .
Since our approach projects out the influence of supply shocks, our evidence is in line with Gordon (2011)'s insight that the omission of supply shocks can generate spurious evidence of a decline in the slope of the Phillips curve.
Our approach to estimate the Phillips curve bridges two large macro literatures: the literature on the estimation of Phillips curves using limited-information methods (see Mavroeidis, Plagborg-Møller and Stock, 2014 , for an overview) and the literature on the identification of macroeconomic shocks and their propagation (see Ramey, 2016 , for an overview).
2 Unlike the full-information approach that used impulse responses estimated from VARs to estimate the DSGE model (e.g., Christiano, Eichenbaum and Evans, 2005) , the more robust limited-info approach has so far never made used of the information contained in structural VAR/IRF estimates. Our contribution is to combine the robustness of limited-information methods with the recent progress in the structural identification literature.
The remainder of this paper is organized as follows. In Section 2 we review the Phillips curve and the empirical issues faced by limited-information methods. Section 3 presents our 2SLS estimation strategy based on using past and present monetary shocks as instrumental variables. Section 5 presents the main empirical findings for the United States and the United Kingdom. Section 6 concludes.
2 Background: The Phillips curve, old and new
Since its first discovery in Phillips (1958) , and subsequent discussion in Samuelson and Solow (1960) , the Phillips curve has been the subject of intense study (For a detailed summary, see Gordon, 2011) . In its modern version, the Phillips curve postulates that the inflation process is determined by (i) inflation expectations, (ii) the level of the economic activity, and (iii) supply factors.
Specifically, a standard form of the Phillips curve is (e.g., Gordon, 2011; Mavroeidis, Plagborg-Møller and Stock, 2014) 
2 Note that our focus is on limited-information estimates of the Phillips curve, and we are silent about fullinformation methods. The full-information approach consists in specifying a full system of dynamic structural equations, typically a dynamic stochastic general equilibrium (DGSE) model. The full-information approach has the potential to improve estimation precision but at the risk of misspecification, introducing bias and inconsistency of the parameter estimates. That being said, if a well-specified DSGE model is estimated, it will not suffer from the endogeneity issues that have plagued limited information methods.
where π t denotes inflation, π e t+1 = E t (π t+1 ) is expected future inflation, x t = y t − y n t is the output gap (also referred to as the "forcing variable") with y n t the natural level of output, ν t denotes supply (cost-push) factors or measurement error. The parameters of interest are λ 0 the loading on the economic activity variable, and γ f and γ b the loadings on past inflation and on inflation expectations.
A more general dynamic specification (King and Watson, 1994; Staiger, Stock and Watson, 1997 ) is given by
where
the lag polynomials for inflation and the forcing variable. Also,
lz is the lag polynomial that measures the additional variables z t (e.g., commodity prices or import price inflation relative to inflation) that affect the inflation process (King and Watson, 1994; Mavroeidis, Plagborg-Møller and Stock, 2014) . Specification (2) nests Gordon (1990)'s "triangle" model as well as the typical hybrid New-Keynesian Phillips curve (Gali and Gertler, 1999) .
Unfortunately, getting precise estimates of λ j , for j = 0, . . . , l x , and γ f has been proven to be very difficult. Consequently, there is great uncertainty around the values of these parameters. The parameter estimates are found very sensitive to minor and a priori reasonable changes in specification. This is most clearly illustrated in Figures To highlight the main difficulties associated with the estimation of the Phillips curve, we rewrite equation (1) as
3 Simply add and subtract both γ f π t+1 and λ 0xt .
wherex t denotes the measured output gap variable. When treating η t as the error term in (3) we find that the remaining terms on the right hand side are observable. Nevertheless, as it is well known, ordinary least squares based parameter estimates are inconsistent.
In particular, there are three sources of endogeneity in equation (3): 1. Confounding from supply shocks: Since cost-push shocks simultaneously affect inflation and the output gap, we have E(x t η t ) = 0.
2. Measurement error in the forcing variable: Since the forcing variable (e.g., marginal costs in a New-Keynesian model) is unobserved and thus subject to measurement error, we have E(x t η t ) = 0.
Unobserved inflation expectations:
Since π e t+1|t = E t (π t+1 ) is unobserved (or measured with error from survey measures), we have E(π t+1 η t ) = 0.
These problems are well known and the standard approach has been to instrument the right-hand side variables with their lags, an approach referred to Generalized Instrumental Variable (GIV) by Mavroeidis, Plagborg-Møller and Stock (2014) . Denoting by X t = (π t−1 ,x t ) , we can see that the three sources of endogeneity bias disappear and E(η t X t−1 ) = 0:
1. E(ν t X t−1 ) = 0 since E t−1 (ν t ) = 0 provided that the cost-push shock ν t has no serial correlation 2. E (π t+1 − π e t+1|t )X t−1 = 0 since E t (π t+1 − E t π t+1 ) = 0 and by applying the law of iterated expectations 3. E ((x t − x t )X t−1 ) = 0 provided that the measurement errorx t − x t has no serial correlation In other words, X t−1 is a valid instrument vector. Moreover, the same can be shown for all X t−j with j ≥ 1. Unfortunately, as it has been thoroughly discussed in Kleibergen and Mavroeidis (2009) and Mavroeidis, Plagborg-Møller and Stock (2014), such lagged instruments are weak, leading to considerable sampling uncertainty and to sensitivity of parameter estimates to minor changes in specifications, right-hand side variables or sample period. Moreover, conventional inference methods for computing standard errors and confidence bounds break down and robust methods need to be adopted, see Kleibergen and Mavroeidis (2009) . Intuitively, the instruments are weak because inflation is hard to forecast, meaning that it is difficult to find exogenous (i.e., lagged) economic variables that correlate strongly with expected future inflation.
4
As discussed in Mavroeidis, Plagborg-Møller and Stock (2014) , there are alternatives to GIV. A closely related approach is to use a VAR to model expected future inflation, which amounts to adding the VAR moment restriction to the GIV approach. While this GMM-VAR approach is more efficient than GIV, it is also less robust and can lead to spurious conclusions when identification is weak (Mavroeidis, Plagborg-Møller and Stock, 2014) Another popular approach is to use of survey measures to proxy for unobserved expected future inflation.
However, since inflation survey measures likely contain measurement error, this leads to another endogeneity problem, and one must again find instruments to address it.
5 All these approaches fail with auto-correlation in the cost-push shock term however.
Aggregate demand shocks as instruments
In this section we show how independently identified aggregate demand shocks, notably monetary shocks, can be used to consistently estimate the parameters of the Phillips curve.
In doing so, we bridge two large macro literatures: the literature on the estimation of the Phillips curve using limited-information methods and the literature on the identification of macroeconomic shocks and their propagation (e.g., Ramey, 2016, for an overview).
4 Another important limitations of this IV approach based on using lagged variables is that the cost-push shocks cannot be autocorrelated. This is problematic as Zhang and Clovis (2010) show that the residual η t in the Gali and Gertler (1999) specification is serially correlated. While adding more lags of inflation removes the serial correlation, it also dramatically worsens the weak instrument problem (Mavroeidis, Plagborg-Møller and Stock, 2014, p163) .
5 Recently, Mavroeidis, Plagborg-Møller and Stock (2014) proposed using external instruments based on using past data vintages of inflation and the forcing variable as instruments, although those instruments turn out to be weak. Figure 1 sketches the intuition behind our approach: movements on inflation and unemployment conditional on aggregate demand shocks will trace out the Phillips curve. More generally, projecting inflation and unemployment on a space spanned by present and past aggregate demand shocks can help consistently estimate the parameters of the Phillips curve, because aggregate demand shocks are valid instruments: they (i) satisfy the exclusion restriction (by construction), and (ii) satisfy the relevance condition, because they affect both inflation and unemployment with some lags.
To make this point formally we proceed as follows. First, we use a standard three-equation New-Keynesian model (Galí, 2015) to show that monetary shocks are valid instruments to estimate the model implied Phillips curve under one (mild) condition: the coefficient on past inflation γ b cannot be zero, that is inflation cannot be strictly forward looking.
6
Second, we argue that government spending shocks -under somewhat stronger conditions 7 -can also provide valid internal instruments, so that it is possible to use both monetary and spending shocks as instruments.
Finally, we provide an alternative interpretation to our instrumental variable strategy that goes beyond the New-Keynesian model. In particular, we show how using past and present aggregate demand shocks to identify the Phillips curve amounts to a Phillips curve regression in impulse response space, that is to a Phillips curve regression using the impulse responses of inflation and unemployment in lieu of the actual inflation and unemployment variables.
A standard three-equations New-Keynesian model
To motive and clarify our instruments based on past and present aggregate demand shocks, consider the stylized three-equation log-linearized New-Keynesian model with partial price indexation to past inflation (e.g., Galí, 2015) .
The first equation is the Phillips curve again given by
where the output gap x t = y t −y n t depends on the natural level of output y
, and where a t is the exogenous (log) productivity level satisfying a t = ρ a a t−1 + ε a t with ε a t an iid productivity shock and ε s t an iid cost-push shock. γ, ϕ, µ, σ are structural parameters of the model. 8 Notice that the natural level of output only depends on productivity shocks.
The second equation is the dynamic IS equation
with the natural rate r n t = ρ + σ 1+ϕ σ+ϕ E t ∆a t+1 and ρ the time discount rate.
Finally, the third equation is an interest rate rule
where ε m t is an iid monetary shock.
9
The model has three structural shock: (i) productivity shocks ε a t , (ii) cost-push shocks We can then stack the endogenous variables Y t = (π t , x t ) and the corresponding shocks
. Assuming unicity and stability with the Taylor principle φ π > 1, the unique solution takes a first-order form
8 The parameters γ b , γ f and λ are functions of thse structural parameters with
We only assume that the innovation to the interest rule is iid for clarity of exposition. Our argument goes through with serial correlation in the interest rule innovation e 
Monetary shocks as instruments
Monetary shocks ε m t−j for j ≥ 0 can be used as instrumental variables to identify the parameters in the Phillips curve.
To see that, we first rewrite the Phillips curve as
where the exogenous cost-push process ν t can be autocorrelated and need not be iid.
11 Note a mild difference with equation (3), as the natural level of output y n t enters equation 7 directly in the residual u t and not the measurement error from the output gap.
Clearly, the three sources of endogeneity discussed previously are still present: (i) confounding from supply shocks implies E(y t u t ) = 0, (ii) unobserved inflation expectations implies E(π t+1 u t ) = 0, and (iii) an unobserved natural level of output (i.e., unobserved output gap) implies E(y t u t ) = 0, since E(y t y n t ) = 0. Moreover, with autocorrelation in ν t , a fourth source of endogeneity arises from E(π t−1 u t ) = 0.
Past and present monetary shocks provide a set of valid instruments z t = (ε To show the exclusion restriction, notice first that for any j ≥ 0, E ε m t−j ν t = 0 and 10 Now only add and subtract γ f π t+1 . 11 Importantly, the traditional GIV approaches break down if the cost-push shocks are auto-correlated (see Mavroeidis, Plagborg-Møller and Stock, 2014) .
12 Note that we do not treat past inflation as an exogenous variable, since past inflation will be correlated with the residual if the cost-push process ν t is autocorrelated. m t−j y n t = 0, since by definition a monetary shock is orthogonal to a cost-push shock or a productivity shock. Moreover, by the law of iterated expectations, we also have
itively, this is coming from the fact that the effect of the ε m t−j monetary shock is already incorporated in the time t forecast of π t+1 .
13 Together this implies that the exclusion restriction E ε m t−j u t = 0 is satisfied for the New-Keynesian model.
To show the relevance condition, we need to show that the matrix
has full rank.
Since A and B cannot be found analytically in general, we consider a simpler model where the hybrid NKPC (4) is unchanged but where the output gap is a simpler AR(1) Proof. Solving for x t and π t , we get
with α some no-zero parameter and where δ 1 and δ 2 are the stable and unstable roots of the 13 Thus, our approach relies on rational expectations. For departures of rational expectations, we can rely on survey measures of inflation expectations as long as they are accurate up to some additive measurement error term. In that case, we still obtain consistent estimates, because the survey measurement error term is orthogonal to monetary shocks. If inflation expectation is purely backward looking (and thus observable), there is no longer an endogeneity bias from inflation expectations. Although outside the scope of this paper, we note that our approach remains valid even with sticky information (Mankiw and Reis (2002)) provided that we restrict our instruments set to monetary shocks that took place far enough in the future so that their effect was incorporated in agents' expectations. With a plausible degree of sticky information (e.g., Coibion (2010)), most firms have updated their information set within a year, so that one could use monetary shocks that took place more than a year ago. second order-difference equation given by (4).
14 Some simple algebra then gives 1) ), so that the rank condition is satisfied iff δ 1 = 0, i.e., iff
Although based on a simpler DGP for the output gap, Proposition 1 shows that a necessary condition for our approach to be valid is that past inflation helps determine future inflation, i.e., that inflation cannot be strictly forward-looking (γ b = 0).
Thus, provided that past inflation helps determine current inflation (γ b = 0), past and present monetary shocks can (in theory) address the endogeneity issues affecting the Phillips curve.
Finally, although we only focused on a just-identified model (using three monetary shocks to estimate the three coefficients γ b , γ f and λ), 16 one could extend our approach and use additional lags of monetary shocks (ε m t−j , j > 1) to (i) conduct over-identifying restriction tests, and (ii) boost the first-stage of our IV regression. We will come back to this latter point in the estimation section.
Other aggregate demand shocks as instruments
While the basic New-Keynesian model only features monetary shocks as aggregate demand shifters, one may wonder whether other (model-consistent) demand shifters exist to identify the Phillips curve parameters, for instance government spending shocks or preference shocks.
Unfortunately, the conditions under which these demand shocks are valid instruments are To see that, consider a basic New-Keynesian model extended with preference shocks (Blanchard and Galí, 2007) or with fiscal policy and government spending shocks (e.g., Gali, 2011) . The difference between monetary shocks and other "demand" shocks is that the other demand shocks typically affect the natural level of output, i.e., the level of output under flexible prices. Intuitively, preference shocks change the relative disability of labor and thus affect labor supply and the natural level output , while government spending shocks affect labor supply (and thus the natural level of output) through a negative wealth effect.
Thus, one can use preference shocks or government spending shocks to consistently estimate the Phillips curve provided that a (possibly noisy) measure of the output gap is available, i.e., that we observe y n t = y n t + η t with η t measurement error satisfying E[η t z t ] = 0. In other words, the measurement error in the output gap must be orthogonal to the instruments of choice, be it government spending shocks or preference shocks.
Intuition: Phillips curve regressions in impulse response space
In this section, we provide some intuition for our approach by reinterpreting our instrumental variable approach as a projection on the space spanned by past and present aggregate demand shocks and show how our approach amounts to a Phillips curve regression in the space of the impulse responses. In other words, one can consistently estimate the coefficients of a Phillips curve from a regression that involves only the impulse responses of inflation and unemployment to an aggregate demand shock.
The general Phillips curve (7) is restated as
We project this equation on a current or past monetary policy shock t−h for h ≥ 0.
Without loss of generality assume that all variables are normally distributed. 17 Applying the conditional expectation E(·| t−h ) to both sides of equation (7) gives
The key result is that the last term is equal to zero: E(u t | t−h ) = 0 which follows from the exclusion restriction that was verified in Section 3.2.
Under a linearity assumption we have that E(π t | t−h ) = β shock. When substituting these expressions in (10) and dividing by t−h we obtain
The same reasoning can easily be applied to the more general dynamic Phillips curve specification (2) to give
This implies that we can identify the coefficients of the Phillips curve from a regressionacross h -of the impulse response of inflation on its own lags and lead, and on the impulse response of unemployment (and its lags), i.e., from a regression in "impulse response space".
18
An interesting implication of this result is that all the information needed to recover the coefficients of the Phillips curve is encoded in the impulse response functions of inflation and 17 Alternatively, we can simply replace the conditional expectations operator by the best linear predictor and obtain exactly the same result.
18 Specifically, by minimizing the sum of squared residuals
find the set of γ b (L), γ f and λ(L) coefficients that best fit equation (12) for any h. This is an OLS regression in "impulse response space", i.e., a regression across the horizon h of the impulse responses. 
Estimation details
In this section we discuss the odds and ends of the estimation of the parameters of the Phillips curve using aggregate demand shocks as instruments. In principal, we aim to adopt standard generalized moment estimators for which the theory is discussed in White (2000) .
However, the standard theory might not be sufficient for situations where the instruments turn out to be weak (see Kleibergen and Mavroeidis, 2009), or when there are many (weak) instruments (see Chao and Swanson, 2005; Hausman et al., 2012; Hansen and Kozbur, 2014; Carrasco and Tchuente, 2016) .
Especially, the latter case is important for the estimation of the Phillips curve parameters using aggregate demand shocks, notably monetary shocks. To see this, note that for the monetary shocks to be relevant instruments we need them to be sufficiently correlated with inflation (leads and lags) and the output gap. However, we know that inflation and the output gap respond with a considerable lag to monetary shocks. Figure 2 plots the impulse responses of inflation and the CBO output gap to a monetary shock, estimated from local projection 19 While the "regression in impulse response space" interpretation is helpful to get the intuition behind our instrumental variable approach, we do not advocate estimating the coefficients in this way in practice. While the approach is consistent, it is not efficient. In fact, it can be easily verified that the OLS estimates obtained from (11) after replacing β π h and β y h by their sample counterparts are equivalent to computing the GMM estimator for the Phillips curve (10) with instruments { t , . . . , t−H } and with the GMM weighting matrix equal to the identity matrix. This choice is not efficient, and we prefer using instead the optimal GMM weighting matrix, as we describe in the estimation section.
instrumental variable methods (Jordà, 2005; Stock and Watson, 2018) . Inflation responds with a lag of around 2 years to a monetary shock. Moreover, inflation and the output gap respond with different lag lengths to the same monetary shocks (see also Barnichon, Jorda and Mesters, 2018) .
This has several implications. First, if we only use a few lagged policy shocks the instruments are likely to be weak. Second, in principal many lags of the monetary shocks will need to be included to induce variation in inflation and unemployment. At the same time the variation is potentially weak or non-existent for a number of time periods. Notice that this weak instrument problem is different from the one that arises when lags of inflation are used as instruments. In this setting when we increase the number of lags we cannot reasonably expect to improve the first stage. In contrast, when we use monetary shocks as instruments, we can rely on a large empirical literature documenting significant effects of monetary shocks on inflation and real variables (e.g., Ramey, 2016). (2014) and Carrasco and Tchuente (2016) provide an attractive way to avoid making ad hoc choices for the instruments. In particular, they propose to shrink the first stage of the instrumental variable method using a variety of regularization methods including ridge, Landweber-Fridman and spectral cut off methods. We follow their approach and regularize the first stage -in which we instrument the lag and lead of inflation as well as the output gap by monetary shocksusing similar methods. The details are provided in the Appendix.
Recently developed shrinkage methods by Hansen and Kozbur

Phillips curve estimates for the US
The previous section showed that one can consistently estimate the Phillips curve by using past and present monetary shocks (or possibly other demand shocks) as instrumental variables.
The interest of our approach lies in the fact that we can then draw on decades of research on the identification of macroeconomic shocks in order to help improve our estimates of the Phillips curve. As a first pass, we could back out monetary shocks from the residual of an interest rule like (6), a popular identification scheme in that literature (e.g., Christiano, Eichenbaum and Evans, 1999) . However, recent progress in structural identification has led to the emergence of a number of narratively identified proxies for demand shocks (Ramey, 2016) , notably Romer and Romer (2004)'s narrative measure of exogenous monetary policy changes in the US.
20 Finally, we can also use other demand shocks, notably government spending shocks as IVs, bearing in mind the stronger identifying assumptions underlying that approach; the measurement error in our output gap estimate must be orthogonal to government spending shocks. We use as instruments the innovations to a government spending rule (Blanchard and Perotti, 2002) or Ramey and Zubairy (2018)'s narrative measure of exogenous changes in government spending.
We estimate the equation
where inflation is measured from the (annualized) quarter-to-quarter change in the PCE price level and the output gap is log deviation of real GDP from its natural level, as estimated from CBO's potential GDP. While using a measure of the natural level of output is conceptually not necessary for our approach (since the natural level of output is by construction independent of monetary shocks), it has two practical advantages: (i) it makes the forcing variable stationary, and (ii) it allows us to contrast our estimates with those of earlier methods (OLS or GIV) and couch our results in the context of the literature. Table 1 presents our estimates from (1) OLS, (2) GIV using lags of inflation and the output gap as instruments (IV-lags) as in Gali and Gertler (1999) , and (3) past and present RomerRomer monetary shocks as instruments (IV-ε m rr ). The fourth column is based on the same set of instruments as in column (3) but used differently. Specifically, we use the cumulative sum of the Romer-Romer shocks, split in two components -its cyclical component and its secular trend-, as we found that this produced a higher F-statistic for the first stage.
Full sample estimates
21 Table 2 Turning to our estimates based on demand shocks (Tables 1 and 2) , the results are remarkably consistent across IV choices, and we obtain three main results:
1. The coefficient on the output gap λ is always significant at about -0.2 and about twice as large as with OLS or GIV. Interestingly, these results are inline with what one would expect with confounding from supply shocks (since supply shocks lead to a negative correlation between inflation and the output gap) and measurement error in the output gap (leading to an attenuation bias).
21 Intuitively, because of price indexation to past inflation, inflation is more backward-looking (i.e., more inertial) than the output gap, and the cumulative sum of past monetary shocks provide an instrument that is well suited to forecast inflation. To see that with a specific example, consider the hybrid NKPC and assume that the output gap is an iid process with x t = ε 2. The coefficient on expected future inflation γ f is substantially smaller than with OLS or GIV (but still statistically significant), while the coefficient on past inflation γ b is correspondingly larger.
3. The sum of the coefficients on lag and future inflation are not statistically different from one.
We conducted a number of robustness checks, and we report here only the more interesting ones. As instruments, we use our preferred specification with Romer and Romer shocks, as used in column (4) of table 1. In our baseline results (Tables 1 and 2) , we treated lagged inflation as endogenous to address potential issues related to autocorrelation in the cost-push shock. As an alternative, we can treat lagged inflation as predetermined. Table 3 column (1) shows that the loading on the output gap remains broadly unchanged. Turning to expected inflation, an alternative to assuming rational expectations is to rely on survey measures of expected future inflation, in particular the Michigan survey and the SPF. Columns (2) and (3) show that the slope of the Phillips curve is again pretty stable at about -0.2, while the coefficient on the Michigan-survey measure of expected inflation is large and significant, in contrast to the SPF-measure of expected inflation, in line with the results of Coibion and Gorodnichenko (2015) .
Next, we estimate the NKPC using the unemployment rate instead of the output gap.
This time, to emphasize an advantage of our approach we will not use any natural rate of unemployment measure and instead directly use the raw unemployment rate series as the forcing variable. Again, we saw that the natural rate should not matter once we project on past and present monetary shocks. 22 Table 4 shows the results and delivers very similar conclusions to the ones obtained with the output gap: 23 The coefficient on expected future inflation is only about .3 (but significant) and the coefficient on unemployment is about −.2, 22 We verified that this is indeed the case by comparing our results using the unemployment rate or the CBO unemployment gap. In contrast, the GIV approach was found to be sensitive to using the actual unemployment rate or the gap. 23 We use only monetary shocks as IV, since we do not assume that a measure of the natural rate of unemployment is available.
twice as large as estimated with OLS.
We also use the (raw) labor share series as the forcing variable, following Gali and Gertler (1999) . However, regardless of the specification and instrument set considered, the coefficient on the labor share is never significant (Table 6) .
A flattening of the Phillips curve?
While a number of authors have found evidence of a decline in λ since the mid 1980s, i.e., a flattening of the Phillips curve (e.g., Ball and Mazumder, 2011; Blanchard, 2016) , Gordon (2011) point out that the omission of supply shocks can generate spurious evidence of a decline in the slope of the Phillips curve (by biasing the slope coefficient by different amounts before and after the mid-80s).
In this section, we explore whether the evidence of a flattening is robust to our conditioning on demand shocks. Indeed, conditioning on monetary shocks should take care of confounding factors and address Gordon (2011)'s worry.
We first estimate the NKPC (13) using only post 1984 data, Table 7 plots the results when we use the output gap as the forcing variable. While both the OLS and IV-lags estimates point to a stark decline in λ, consistent with previous results, our IV-RR estimate do not confirm such large decline and the post-1984 point estimate of λ is not markedly different from its full sample value. Thus, our results are in line with Gordon (2011)'s worry that supply shocks can generate spurious evidence of a decline in the slope of the Phillips curve.
That being said, we caution that estimation uncertainty increases post-1984 while the firststage F-statistic is also lower. Thus, one must keep in mind that our results are more fragile, since our instruments for monetary shocks have likely become less relevant post-1984.
Using the unemployment rate as the forcing variable gives the same conclusion (Table 8): the coefficient on unemployment does not decline (in fact it increases) post 1984, although the uncertainty is very large in this case (and the instrument is likely weak).
Conclusion
In this paper, we show how we can use sequences of past aggregate demand shocks (notably monetary shocks) as instrument variables to address all these endogeneity issues and obtain consistent Phillips curve estimates. Our approach amounts to a regression in impulse response space, i.e., to a regression where the actual variables are replaced by their impulse responses to aggregate demand shocks. Once instrumented with monetary shocks, the estimated slope of the Phillips curve is twice as large as with standard methods, and there is no evidence of a flattening of the Phillips curve after the mid 80s.
While our focus has been on getting consistent coefficient estimates of the Phillips curve, i.e., the (AS) relation of the economy, the idea of projecting on independently identified structural shocks could be used to estimate the other important macroeconomic structural relations in the economy. Going back to our three equations New-Keynesian model, the two other equations are the interest rule (5) and the IS curve (6), and a similar reasoning shows that cost-push shocks (e.g., oil price shocks, Hamilton, 2003) or TFP shocks (Fernald, 2012) could be used to consistently estimate their parameters. 
